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!  "'"i  '  '  CH0IC5  OF  SAFSTT  FACTOP.  AID  COMFDTATIOI  IH  CFSIGNIKO  KLZCTKOKAGSXTIC 

i  ■  i  • 

j  I  MECHAHISMS  or  A  BE(iUIRZD  OEPaCDABILITT 

!■  i  ■  ■  '  ^  : 

I  '  jjr  ■ 

Tflt*  Jim  fiipS 

The  dependahlllty  of  &  deTlce  hated  on  a  determined  principle  of  ae«> 
tlon  with  fixed  conditions  and  a  glmen  time  of  oi^ratlon.  It  determined  h/ 
the  peculiarities  of  Itt  desi^,  the  qualltjr  of  the  naterlalt  used  in  lt» 
and  the  technology  of  its  prodnctlon.  Therefore,  along  with  the  prohlen 
of  computing  the  dependahlllty  of  a  given  device  there  it  a  great  deal  of 
significance  In  a  certain  tense  in  the  reverse  problem,  designing  a  device 
of  a  given  dependability,  and  this  article  It  devoted  to  a  consideration  of 
this  problem,  as  applied  to  electronagnetlc  nechanltmt. 

At  It  known  quantitatively  the  dependability  of  a  device  It  detf^rmlned 
by  the  probability  of  its  fauiltlett  working  under  determined  operational.  con-> 
ditlons  during  an  established  length  of  time.  £xperimen tally  the  dependa^ 
blHty  It  approximately  measured  by  a  relative  number  of  devices,  average  as 
to  probability  idilcb  function  faultlessly  under  given  conditions  during  a 
stated  time  t.  In  this  arrangement  the  n\imber  of  functioning  deTlcas  should  ’ 
be  referred  to  their  whole  number  put  out  by  production.  In  other  words. 

If  In  an  Interval  of  time  from  sero  to  t  there  worked  fautleesly  R(t}  100^ 
of  manufactured  devlcea,  and  consequently  there  got  out  of  order  Ci(t}  100^ 
a  —  R(t)_7  100^  of  the  devices,  then  the  dependability  in  the  Interval 
of  time  tinder  consideration  approximately  equals  R(t}* 

The  device  is  capable  of  fanltlets  working  In  the  case  where  not  one  of 
Its  properties  or  operating  characteristics  remains  within  previously  dstei^^^'^ 
mined  limits.  The  probability  of  a  given  occurence  for  the  pth  of  r  char- 
acteristies  of  the  devleo  can  bo  analytically  dotennlnod  by  the  probability 
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of  the  fulfillment  of  some  criterion  of  dependability  of  the  cheractcrletice 
of  the  device  during  the  couree  of  time  t 

where  and  Eq  are  the  properly  chosen  paract^ters,  of  the  device  which  char- 
acterize,  respectively,  the  position  of  the  characteristic 
bein^  researched  and  the  allowable  limit  of  its  displacement. 

If  the  occurrences  \diich  characterize  the  fulfilloait  of  the  criteria 

of  dependability  for  each  of  r  charact eristics  of  the  device  are  Independent 

of  each  other »  then  the  dependability  of  the  deTiee  as  a  whole  can  be  detei>- 

mined  through  the  dependability  of  the  separate  characteristics  in  the  fol« 

lowing  fashion!  T  r  T 

«(/)?= 

/-I  '  (2) 

The  vorh:ing  of  an  electromagnetic  mechanism  is  generally  determined  by 
several  characteristics.  Keeping  in  mind  the  identity  of  the  method  of 
computing  the  dependability  of  any  of  the  characteristics  of  an  electromag. 
netic  fflechanism,  it  Is  to  the  point  to  limit  oneself  to  the  deterrrinatlon  of 
one  of  them,  for  example,  the  dependability  of  the  operation  ■B2(t}«  The  de¬ 
pendability  of  an  electromagnetic  mechanism  is  computed  with  the  aid  of  ex¬ 
pression  (2).  Just  in  the  same  way  for  a  given  value  of  dependability  of 
a  mechanism  as  a  whole  one  may  select  the  corresponding  dependability  of  its 
characteristics. 

As  criteria  for  the  dependability  of  the  operation  of  an  electromagnetic 
mechanism  let  us  consider  the  fulfillment  of  the  relationship  T,  ^  In 

accordance  with  this  the  analysis  given  below  relates  to  dtvices  with  relay 
action  usxially  used  in  control  circuits  and  automation  In  communi  cat  ions# 
and  Is  not  extendsd  to  slsctromagnstic  mechanisms  (measuring  mechanisms,  sic.) 
for  which  the  eritsria  of  depe^bility  of  epsration  are  different. 
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■’1  ^  '  In  coBputln^  the  thIu#  R|;)(t)  the  paz^ameters  Ap  and  Bp  are  coneldered  at 

with  lawB  of  dletrlbutlon  correepondln^  to  the  ucaent  of  tiae  t  and  zj. 

i  ■  ,  ■  '  '  '  .  ■ 

in  the  gl^en  caee  Ap  and  Bp  represent,  reepectlyely ,  the  electronb^etic  J$ 
and  the  nechanlcal  counteraction  of  the  force  of  the  electroma^etlc 
aechanien  In  the  first  critical  point  {in  operation)  at  the  nonent  of  tine 
t»  In  most  cases  one  ma/  consider  with  sufficient  precision  that  the  dls-^ 
trllmtloii  7^  and  correspond  to  the  no'mal  law: 


Si* 


'  13) 


where  and  6^  are  the  average  quadratic  deviations:  the  lines  above  the 
synbol  signify  nathematlcal  expectation  (average  value)  of 
random  magnitude* 

Tor  such  an  affirmation  there  exist  theoretical  bases.  The  random  val«* 


4. 

ues  7^  and  prove  to  be  functions  of  a  great  number  of  comparatively  small 
(!•  e«,  having  small  average  quadratic  deviations)  Independent  random . argi:^ 
ments  x^^.  ...»  the  dimensions  of  the  parts,  parameters  of  the  original 
materials,  etc*  In  this  situation  the  values  of  the  deviations  and 
from  the  average  values  and  are  determined  through  the  deviation  of 
the  arguments  hxj,  .*,  jSxh  from  their  average  values  x^,,  *..,  ^  by  the  . 
device  of  the  sum.  Under  given  circumstances  on  the  basis  of  Lyajmnov’s 
theorem  known  from  the  theory  of  probabilities,  one  may  affirm  that  the  laws 
of  distribution  of  the  random  valuf  s  7^  and  T|^  will  be  practically  normal. 

The  existing  statletlcal  data  confirm  the  Indicated  proposition*  This 
eaa  be  seen  from  the  experimental  and  theoretical  distributions  of  electro* 
■sgMtic  and  mechanical  forcee  obtained  for  100  specimens  of  the  relay  fiXl  . 
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does  not  depend  on  the  par^joetere  of  the  deTice.  Therefore  the  deei^nlni;  of  j 
elect ron^^e tic  nechanltne  of  a  ^ren  aepenaabixxtjr  snould  he  done  from  the  j 

\  *  '  ■  i 

condition  of  aoenrlng  a  glTen  ralue  B”io»  talcing  into  contloeration  onl/  thd 


^ad\2al  failuree  and  eqtial  toi 


dietrihutione  of  the  mechanical  (a) 
and  electromagnetic  (!>}  forces  of 
the  rela/  BKV 


15) 


Let  ut  designate  hy  T  the  expree¬ 
el  on  etandli^  in  the  formula  14} 

under  the  i^lgn  of  Laplace*#  function: 
7|— I 

y=  ■!  ,.~T-  (6) 


From  the  equality  (4)  it  is  seen  that 
the  Talue  (t)  le  uniquely  connected 
wltr  tfte  Taiuc  T  and  the  choice  of 
the  first  le  fully  determined  hy  vne 
latter.  In  Fig.  2  there  le  shown 
a  graph  of  the  dependence  of  T  on  the 
Talue  Since  R"  jq  le  does  to 

unity  for  convenience  along  the  T 
axle  there  are  plotted  the  values 
-^ln<i  r  — In^l — By  maJclng 
uee  of  this  graph  in  accordance  with 
the  given  value  of  one  can  find 

the  corresponding  value  of  T«  and 


vice  versa. 

An  analysis  of  the  expression  (6)  shows  that  T  is  determined  hy  three 

parameters:  the  safety  factor  st  and  the  relative  ayerage  quadratic  deviations 

^*Ht  random  values  F*  and  F^while  the 

tft  Jut  7  m 

given  value  T  can  be  assured  at  different  combinations  of  them.  These 
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ST  ‘  -  .  / 

paraaetert  prort  to  la  functions  of  tht  tins  of  the  operation  of  tltf  derlce*  | 
Their  initial  values  i©,  ijo*  ^io  t  s  0  deteraine  the  value  TlOj  s  y,  i 

corresponding  to  the  Initial  production  dependahlllt/  Bx(0},  which  Is  Beat-  | 

I 

ured  by  the  probability  that  the  device  put  out  will  be  In  worJclng  order  ! 

1 

The  values  S'^o  and  are  determined  by  the  quality  of  the  design  and 

materials  used,  and  also  by  the  peculiarities  of  the  technology  of  the  pro¬ 
duction.  The  degree  of  the  dependence  of  the  values  fi'Mf  and  it  on 

the  time  of  worhlng  characterises  the  stability  of  the  device  with  relation 
to  disturbing  factors.  In  the  process  of  s^  decrease#  and  6*^^ 
crease  In  comparison  with  their  Initial  values,  as  a  resNult  of  td)lch  the  de¬ 
pendability  of  the  worJt  drops 

The  essence  of  all  the  measures  for  raising  the  qpallty  and  the  operation¬ 
al  dependability  amounts  to  a  lowering  of  the  values  ^'no  reducing 

the  change  In  the  values  6*9^*  ^'Mt«  *t  operation.  As  depends  on  how 
successfully  the  given  problem  Is  solved  one  chooses  one  or  the  other  Initial  ^ 


value  of  the  of  the  safety  factor  Sp,  by  which  one  also  assures  the  desired 


level  of  dependability.  The  choice 
of  the  value  Sp  Is  doxie  from  the  con-^ 
dltlon  that  la  the  course  of  the  per¬ 
iod  of  the  service  T  of  the  device 
Its  dependability  will  be  equal  to  the 
given  B^ip.  In  this  situation  the 
necessary  value  sp  lo  proportion  as 
d*po  and  are  greater  and  the 
changes  d*9tt  and  st  are  greater 


In  the  process  of  operation.  In  practice  up  to  the  present  tine  the  value 
tp  has  been  determlMd  by  the  experimental  method  with  tested  devices  al« 
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read/  created  or  eloo  tbrou^  experience  In  operation  of  analogue  apparatueee* 

Increase  In  the  initial  ralue  of  the  safetj  factor  ip  increases  the  do-- 
pendahilitjr  Of  a  giren  derlce,  hut  at  the  saae  tiae  increases  its  weight  ^ 
and  cost  and  the  expenditure  of  material.  On  the  other  hand,  with  a  ^ven 
safety  factor  Sp,  the  dependahility  increaeee  with  the  reduction  of  and 

and  with  a  slower  change  of  6^^%,  *t*  case  also 

there  la  an  increass  in  the  cost  and  the  labor  involved  in  the  device  einoe 
it  is  necessary  to  use  more  hi^wquality  material^  increase  the  precision  in 
the  making  of  the  parts,  etc. 

Troo  what  has.  been  explained  it  is  clear  that  the  problea  of  creating  a 
device  with  a  given  dependability  is  not  unique  and  has  a  multitude  of  de¬ 
cisions  corresponding  to  detennined  combinations  of  values  of  d*3o*  ^*HO* 

So  ^^d  determined  form  of  the  functions  and  st>  7he  choice  of 

the  Optimum  combination  of  the  Indicated  values  in  solving  a  concrete  prob¬ 
lem  demands  coni: iderat ion  of  various  supplementary  conditions.  mie  cosk 
bination  mentioned  above  can  be  found  by  Joint  determination  of  all  the 
parameters,  and  this  should  be  done  taking  into  consideration  a  series  of 
technical-economic  factors. 

This  question  merits  special  investigation.  In  this  article ^th• 
problem  of  designing  electromagnetic  mechanisms  of  a  given  dependability  ie 
considered  as  the  choosing  of  the  respective  Initial  values  for  the  safety 
factor  with  completely  determined  values  for  the  remaining  parameters. 

As  is  kno%m  one  distinguishes  the  working  s,  the  production  (rated)  s  p 
and  the  q[wrat  tonal  s^f^  of  the  safety  factor  which  are  connected  by  the  ratios 
■■  V»«  \  ■  or  '■  '■  •'  (7) . . 


The  elec troma^e tic  meebaniu  should  he  designed  with  the  initial  workla, 
safety  factor  io.  The  production  safety  factor  It  determined  hy  the  Talu.. 
and  depending  on  the  design  and  production  factors.  Th.  Tsdu. 
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operatioiiAl  safetj  factor  depends  on  the  secoltlTltj  of  the  device  | 

|to  die  turbine  action  and  ie  considered  at  change  in  the  raluee  t’^t*  | 

-and  it  cooree  of  a  period  of  eerrice*  ,  ' 

Ae  a  result  of  the  change  in  O'^t*  ^'nt*  ft  in  the  vrorkin^  of  the  I 
device  there  is  a  change  In  the  value  H^(t}  with  relation  to  the  component  of 
the  Initial  production  dependahillt/  R”(0}.  However »  whatever  the  charac¬ 

ter  of  this  change  ai^bt  be  it  Is  necessary  that  the  value  Rj'(T)  In  the  course 
of  the  period  of  service  of  the  device  T  be  equ^.l  to  the  previously  selected 
value  9/  talcing  this  into  consideration  one  can  draw  the  conclusion 

that  the  condition  for  rational  designing  of  the  devices  is  that  the  com¬ 
ponent  of  the  initial  production  dependability  R^(0}t  calculated  by  the  for¬ 
mula  (h)  with  6\i  z  6*^0,  =  ®*«ot  it  =  •fip*  •houid  be  numerically 

equal  to  Rf(T)  computed  with  6*^^  =  •’mt  *  "t  -  3)l 

This  flows  from  the  fact  that  in  ra^ 
tional  designing  the  supplementary 
possibilities  included  in  the  electro¬ 
magnetic  devicet  as  a  result  of  the 
introduction  of  the  operational  safety  ' 

Riff-  3*  R{(t}  as  a  function  of  t 

factor,  at  the  end  of  the  period  of 

service  should  be  completely  exhausted.  Therefore  the  level  of  dependability 
determined  by  the  value  Rj>(0)  is  maintained  and  should  be  selected  as  equal 
to  the  prescribed  value  and  the  known  values  6*^^  and  6*^^  without  taking 
into  account  the  dependencies  and  in  time. 

The  considerations  expressed  here  have  a  ^nefal  character  and  are  appli- 
cable  to  devices  of  any  kind. 

The  designii^^  of  electromagnetic  mechanlsae  it  done  by  known  methods  ^ 
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1  and  ij*  In  doln^  this  In  nccordnnct  with  the  technical  condltlone  of 

I  .  ,  jtho  deelgnlng  probles  one  chooses  a  Iclnenatlc  schese  and  desl^  of  the 

!  '  'aechanisa,  determines  the  characteristics  of  the  final  eleaent,  and  Voilds 

I  •  ■  ,  ■  .  •  ’ 

’  the  specific  mechanical  feature  of  the  deyice.  Afterwards  one  determines 

i  ■  . 

^  the  magnitude  of  the  counteracting  mechanical  force  (Tno^kp  criti¬ 

cal  point,  and  after  design  of  the  magnetic  syetem  from  the  condition 
(T  ^o)lcp  =  ^^nd^kp  computes  the  o.  d.  (o3>erational  dependability)  laigp. 

The  following  step  in  the  computation  is  the  working  out  of  the  working 
tractional  characteristic  and  design  of  the  winding  whereby  one  should  take 
into  consideration  the  need  for  cx'eating  an  electromagnetic  mechanism  of  a 
giren  dependability  R”(T),  which  is  deternlned  by  the  proper  choice  of  the 
initial  safety  factor  The  necessary  value  of  Sq  in  the  case  under  con¬ 
sideration  is  at^lned  by  an  increase  in  the  6.  d.  of  the  winding.  HoweTer. 

this  leads  to  an  Increase  in  the  amount  of  copper  in  the  winding  and  the 
power  required  by  it. 

Let  us  assume  that  the  desired  value  of  the  com3>onent  of  dependability 
Bj|(T)  in  the  course  of  'he. period  of  service  is  equal  to  H"|q.  Then  in  ac¬ 
cordance  with  the  equalities  (U),  (6).  and  (8)  we  will  get 

wher.  1,^-1  19) 


The  magnitude  y  can  be  determined  in  accordance  with  the  given  value  R”|q 
with  the  aid  of  the  graph  presented  in  Tig.  2.  The  value  s^  as  a.fUnctloa 
of  7  is  found  by  the  following  relationship: 


Xn  accordance  with  the  ezpreeelon  (10)  In  7tg.  h  there  are  presented  the  de- 
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pendencies  on  the  magnitude  j  for  different  rnluea  of  n  -1=^ 

F50 

Having  coawt«d  t.h®  last  two  exprooplono  earlier  by  the  stated  nethod 

I  ■  • 

m  accordance  with  t^e  given  graphs  one  can  deteming  the  value  of  the  neces->. 

sary  production  safety  factor  a^. 

np 

The  net  hod  of  computing  the  required 
value  of  the  factor  Sjj^  for  given 
conditions  of  operation  is  presented 
in  CzJ*  Having  deternined  s„^  and 
by  t  he  expression  (7)  we  find  the 
initial  working  safety  factor  So* 

The  value  obtained  s©  represents 
the  safety  factor  according  to  the 

yig.  4.  Dependence  of  the  safety  fac- 

^  tractional  forces  at  the  first  criti* 

tor  on  -12.  for  various  values  a 

T%o  cal  point.  If  the  magnetic  circuit 

of  the  electromagnetic  mechanism  is  not  saturated  then  the  safety  factor  by 

aiD3>ere  turns  will  equal  1*^  =  V^o  t  nnd  the  working  o.  d. 

(11) 

By  knowing  the  o.  d.  one  can  construct  the  working  tractional  charac¬ 
teristic  and  make  the  computation  of  the  wrameters  of  the  winding;  diameter 
of  the  wire  d,  number  of  turnsTdt  resistance  of  the  winding  r,  and  the  power 
lost  in  the  winding  P. 

In  designing  the  electromagnetic  mechanisms  of  a  given  dependability  a 
definite  interest  is  afforded  by  the  dependence  of  the  power  P,  the  volume 
▼^and  the  cost  of  the  copper  C,  the  diameter  of  the  wire,  and  the  number  of 

t  _ _ _ 

tans  OB  the  vala.  of  tta«  Initial  working  oafot/  factor  o©.  Th«y  enabi© 
ono  to  comparo  and  eraluato  dlfferont  Toralona  of  nechanlona  from  the  point 
nconoBy.  tech  dopondoneoo  which  show  dmneo  in  thoM  ralnon 
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jref.rred  to  th.lr  magnitodto  P^.  c^.  d^.  and^  with  «  1  proaeatod 


la  Pl«.  5. 


Sea  Pa^  11a 


Por  the  mrpoae  odohtalnlnd 
much  ^eaerallzatloa  the  curree  pre¬ 
sented  in  Tig.  5  are  gleen  in  con¬ 
ventional  unite  while  as  a  unit  of 
measurement  1q  there  is  taken  the 


Tig.  6 

See  Page  11a 


Talue 


Where  le  the  length  of  the  coll; 

D  la  the  Inelde  diameter  of  the  coll; 
ky  la  the  emheddlns  factor; 
p  la  the  heat  emlaalon  factor;; 

9  la  the  allowable  temperature  In  the  heating  of  the  coU: 
pla  the  specific  resistance  of  the  wire; 

k  is  the  ratio  of  the  diameters  of  the  wire  with  insulation  and  with- 
out  insulation. 

The  units  of  change  of  magnitude  and  ^  are  ea.lly 

expressed  hy  A  and  the  values  in  the  table,  In  constructing  the  graph 
r  f(d)  there  wa>  used  the  cunr#  of  the  dependence  of  the  cost  of  a  unit 

of  weight  of  active  wire  material  of  the  brand  PKL  on  Ite  dlaMter,  which  le 
shown  in  Pig.  6. 

Magnitude  ‘X  ^  j 

Unit  of  aeatureaent  a  i+j  ■ 

ra  T+T  FT?r  ' 


The  aetbod  explained  ankes  poeetble  coapatatioa  In  projecting  such  a^  i^. 
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portant  factor  at  to  what  the  aependahtilt/  li  in  the  ^^orlctn^  of  the  deTica, 
enables  one  to  choose  rationally  the  safety  factor,  ana  eealuate  the  effect 
of  the  parajseters  of  the  device  o:i  dependability .  All  these  elesents  are 
essential  in  the  designing  of  dependable  devices  with  Binisnin  cost  and  ex¬ 
penditure  of  Baterlftis,  .  It  is  clear  that  the  procedure  given  can  be  used 
in  coiDpu.ting  not  only  eiecirocagnetic  nechAnieos  but  also  other  devices* 

SuTyplement  By  way  of  example  to  illustrate  the  points  involved  let  us 
consider  the  choice  of  the  safety  factor  and  the  designing  of  an  electro-  . 
magnetic  relay  on  DC  with  a  given  operational  dependebility. 

Let  the  given  value  In  the  course  of  the  period  of  the  service  be 

equal  to  0.9999*  This  signifies  that  excluding  sudden  breakdowns  in  the 
course  of  the  period  of  the  service  there  is  allowed  failure  in  operation 
on  the  average  of  one  relay  asiong  10,000  in  03)0  rat  ion.  It  it  necessary  to 
design  the  apparatus  in  such  a  way  that  this  condition  will  be  satisfied. 

As  a  result  of  the  designing  of  the  relay  by  the  ordinary  procedure  one 
detemines  the  value  IWcp  equal,  let  us  assuse,  to  100.  Further  by  the 

method  expounded  in  one  confoutes  the  values  and  which  ve  will 

:ftfO 

take,  re  ^isactlvely,  as  eqiial  to  0*1.  and  0*05» 

Then  one  detemines  Q  =  1  r  H"|o  r  0.0001  and  (— InCJ)  r  9.2.  In  accori^  ' 
ence  with  this  value  with  the  aid  oftbegranh  given  In  Fig. 2  we  will  find 

i 

the  value  y  c  3.72,  then  the  value  -  0*372  and  for  n  =  ^oTT  * 

Fjio 

the  curves  presented  in  Fig.  4.  Ve  deterriine  the  value  s^^p  s  1.64.  Be¬ 
sides,  let  =  l.a  Then  a©  -  1.64  •  l.b  =  2.96  and  s'^  =  V^.96 

*  1.72.  In  accordance  with  the  foraula  (11)  the  necessary  o.  d*  %dll  be  ^ 

equal  to  »ii^  r  1.72  •  100  =  172.  ‘  . 

For  evaluation  of  the  suppleBentary  expenditure  due  to  which  there  is 
assured  the  necessary  safety  factor  ■©  and  the  value  BJ|(T)  is  raised  frea 
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0.5  to  0.9999  let  u«  find  the  unit  of  meaturenent  In  doln^  thli  ve  take 

D  r  0.5  cm;  1)^-3  cm;  0  =  50®0:  =  12  •  10*^  w/cm^  •  ^0;  r  0.9:  k  s  12; 

p  r  0.0175  •  10“^  olim  •  cm.  Then  A  z  I5.I  and  the  ralue  *0  la  tfceee  unite  ie 
eq\ial  to  s  0.196.  Afterwards  by  the  cunree  presented  in  71^.  5  au&d 

15  •! 

with  the  aid  of  the  table  we  will  find  that 


V. 

T 


^.o.23^r^T)-3.»; 


U3) 


c 
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HEADQUARTERS  tlSAF 

4FCIN-3D2 
ARL  (ARB) 


OTHER  AjjENCISS 

CIA 

NSA 

DIA 

AID 

OTS 

AEC 

PWS  • 

NASA 

ARM! 

NAVI 

RAND 

NAFBC 


Nr.  Copies 


1 

1 


1 

.6 

9 

2 

2 

2 

1 

1 

3 

3 

1 
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MAJOR  AIR  COMMANDS 

AFSC 
SCFDD  ■ 
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TDBTL 
TDBDP 
AEDC  (AEY) 

SSD  (SSF) 

APGC  (PGF) 

ESD  (ESI) 

.  RADC  (RAY) 

AFMDC  (MDF) 

AFSWC  (SWF) 

AFMTC  (MTW) 

ASD  (ASYIM) 


Nr.  Copies 


1 
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